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Abstract 

We report the performance of two prototype Te02 macrobolometers, operated at ~25 mK, 
able to identify events due to energy deposited at the detector surface. This capability is ob- 
tained by thermally coupling thin Ge active layers to the main energy absorber of the bolome- 
ter, and is demonstrated by irradiating the detectors with a particles. The temperature vari- 
ations of the main absorber and of the active layer are measured independently with doped 
Ge thermistors. These results show clearly that an intrinsic limitation of monolithic low tem- 
perature calorimeters, e.g., the impossibility to give information about event position, can be 
efficiently overcome using composite structures. 
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Phonon-mediated detectors (PMD) of atomic and nuclear radiation operated at low temper- 
atures (defined commonly bolometers) provide in general better energy resolution, lower energy 
thresholds and wider material choice than conventional devices [ ] . The best results in terms of 
energy resolution are obtained when PMDs are operated as perfect calorimeters [ , , ]. One of 
the drawback of the calorimetric mode is that only the deposited energy is measured and usually 
no additional information on the nature of the event can be achieved. For instance, it is not possible 
to get any space resolution. This limitation is intrinsic to the detection mechanism, since all the 
deposited energy is degraded and measured in the final form of heat. Some space resolution was 
demonstrated if out-of-equilibrium phonons are detected [ ], but at the price of a lower energy 
resolution. In this letter, we show that the dynamics of the heat flow in the detector can be used 
in order to attain information on the particle impact point, thus overcoming one of the traditional 
limitation of low temperature calorimeters. 

The motivation for this work stems from a fundamental physics research carried out in the 
Gran Sasso underground laboratory (Italy) [ ]. In these experiments, Te02 macrobolometers (with 
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masses up to ~1 kg) are operated at '^lO mK to search for the neutrinoless double beta decay of 
^^"Te, a rare nuclear process crucial for neutrino physics [ ]. The signature for the decay consists 
of a peak in the energy spectrum of the detector located at 2528 keV. Since the expected decay 
rate is less than 10^^ counts/(year mole), the background due to residual radioactive impurities 
nearby the detector can easily overcome the signal, a and /? particles emitted close to the surface 
of the detectors or of the materials surrounding it are particularly dangerous. Since these particles 
release only a part of their energy in the detector, they contribute with a continuum spectrum 
which extends down to the region relevant for double beta decay. The safest way to get rid of this 
effect is to make the detector surface sensitive. In order to develop this capability, we propose a 
composite detector, consisting of a main Te02 bolometer and six (one for each face) thin, large- 
area, auxiliary Ge or Si bolometers that act as active layers. (These materials are chosen because 
of their availability, the high achievable purity and the favorable thermal properties.) Each layer 
will have the same area and shape as the corresponding absorber face and will be separated from 
it by a sub-millimeter gap, providing a Att hermetic coverage from external charged particles. The 
original solution proposed here is to thermally couple the Ge or the Si layers to the main absorber. 
On each layer, a thermistor is attached for temperature reading. The origin of the events can be 
clearly determined by comparing the amplitude of the pulses from the different detector elements. 
If an a particle comes from outside the bolometer, it interacts with an active layer releasing there all 
its energy ("surface" event). As a consequence, the temperature will rise and there will be a signal 
on both the layer thermistor and the Te02 one. Because of the small heat capacity of the layer, 
its thermistor signal will be much higher and faster than that of the Te02 thermistor. On the other 
hand, an event inside the Te02 crystal ("bulk" event) will lead to pulses with similar amplitudes 
and shapes on both thermistors. 

In order to test the exposed principles, two prototype detectors (named A and B from now on) 
were realized. In both of them the main absorber consisted of a Te02 single crystal, with a mass of 
48 g for detector A and of 12 g for detector B. Detector A absorber was a cube with 2 cm side, while 
detector B absorber had a rectangular shape with 2x2x0.5 cm dimension. A Ge single crystal with 
a 1.5 X 1.5 cm surface and 500 ^m thickness was glued at a 2 x 2 cm face by means of four epoxy 
spots (1 mm diameter and 50 /im thick). Neutron Transmutation Doped (NTD) Ge thermistors8 
were glued at the main absorbers and at the auxiliary Ge bolometers with six epoxy spots (0.5 
mm diameter and 50 /xm thickness). The NTD chip size was 3 x 1.5 x 1 mm in all cases. The 
resistance-temperature behavior of the chips [ ] is parameterized as R{T) = i?o exp[(To/T)^/^], 
as predicted by the so called Hopping Conduction Regime with Coulomb gap [ ]. The values of 
Rq and To are respectively 2.65 and 7.8 K. The coupling of the main absorber to the heat bath 
was realized by means of 8 (4) PTFE blocks for detector A (B). Detector A is depicted in Fig. 1. 
The Ge active layers were exposed to a particles. The source was obtained by a shallow implant 
of ^^*Ra nuclides onto a piece of copper tape, facing the Ge layer. ^^^Ra is an a emitter with a 
half life of 3.66 d in equilibrium with its a and /3 emitting daughters. The main a lines are at 5.68, 
6.29, 6.78 and 8.78 MeV. Two weak lines sum up at about 6.06 MeV. 

The detectors were cooled down in two separate runs in a low power dilution refrigerator lo- 
cated in the Cryogenic Laboratory of the Insubria University (Como, Italy). The detector thermis- 
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Figure 1: This image shows a composite Te02 bolometer with a Ge active layer (detector A). The 
NTD thermistor gold wires are not connected to the read-out pads. 

tors are DC biased through a voltage supply and a 20 Gfi room-temperature load resistance. Typical 
operation temperatures were T w 25 mK, corresponding to a thermistor resistance R ^ 100 Mil. 
The voltage across the thermistor is typically ~25 mV. Voltage pulses are read-out by a DC-coupled 
low noise differential voltage amplifier, followed by a filtering single-ended stage [10]. The front 
end electronics was located at room temperature. The signals were acquired by a 12 bit transient 
recorder, collecting 1024 voltage points for each pulse, and registered for off-line analysis. The 
set-up was not optimized for high energy resolution measurements, since the main purpose of the 
experiment was to verify and to understand the detector surface sensitivity. 

In the first run, we operated detector A together with a conventional "naked" bolometer (detec- 
tor C) having the same features as detector A but no active layer. The two detectors were aligned 
vertically and the distance between their Te02 absorber centers was cm 7. Detector A was irradi- 
ated by the source described above. Results in terms of surface/bulk event separation are reported 
in the scatter plot of Fig. 2 (a), where the clusters due to external a particles and the band due to 
bulk events are clearly appreciable. Bulk events are due to natural radioactivity and mainly to cos- 
mic muons crossing the Te02 absorber. Many points appear in the region between the two bands, 
in particular immediately above the bulk event band. We make the hypothesis that these points 
are due to cosmic muons crossing both the Te02 absorber and the Ge layer, giving rise to "mixed" 
events, with most of the energy deposited in the main absorber but with a small simultaneous en- 
ergy release in the layer. The ratio of the deposited energy in the two elements is of the order of (2 
cm / 0.05 cm) « 40, in favor of the main absorber. This hypothesis can be confirmed by requiring 
an additional coincidence with detector C. In this fashion, the almost "vertical" muons crossing 
both detectors are selected, decreasing dramatically the probability that a muon crosses also the 
Ge layer, which is placed in the vertical plane. The result of this selection is appreciable in fig. 
2 (b), where most of the mixed events above the bulk event band have been cut. This test is very 
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Figure 2: (a) Scatter plot showing the relationship between the amplitudes of the pulses acquired 
in coincidence from the main absorber (X-axis) and from the active layer (Y-axis) for detector A; 
(b) the same plot after imposing coincidences with pulses from detector C. Not only the surface ? 
events have been cut, but also "mixed" events due to cosmic muons releasing their energy both in 
the main absorber and in the active layer. 

important for our final application. In fact, a particles emitted by the Te02 surfaces are also very 
dangerous for the double beta decay search, since they could escape from the absorber depositing 
only a fraction of their energy (say ~ 2.5 MeV) in it and simulating a double beta decay event. 
The presence of the active layer however allows to intercept simultaneously the remaining energy, 
giving rise to a "mixed" event that will lie in the region between the two bands in the scatter plot, as 
shown above. In this case, the mixed events will lie close to the surface-event band, since the ratio 
of deposited energy will range now between (4 - 2.5)/2.5 0.6 and (9 - 2.5)/2.5 ^ 2.6 (assuming 
a range 4 - 9 MeV for natural a particle energy), and so much more in favor of the layer with 
respect to the cosmic muon case. 

In the second run, we cooled down detector B. No additional detector was present this time. 
Some improvements were made with respect to the first run: we achieved a better control of the 
microphonic noise; we increased the source rate and added a second source irradiating directly 
the main absorber in order to increase the population of the bulk event band in the a region; we 
enlarged the bandwidth of the acquired signals from DC- 12 Hz to DC- 120 Hz. This last measure 
allowed to acquire without electronic integration the fast pulses coming from the layer (rise time ~ 
6.5 ms, decay time ~ 40 ms), while it had smaller effects on the slow pulses coming from the main 
absorber (rise time 9.7 ms, decay time 70 ms). The scatter plot obtained this time is shown in 
Fig. 3. The two bands are now much better separated with respect to the first run, and the 4 main a 
lines of the source are clearly appreciable. A powerful separation between the two event types can 
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Figure 3: Scatter plot showing the relationship between the amplitudes of the pulses acquired in 
coincidence from the main absorber (X-axis) and from the active layer (Y-axis) for detector B. 
In the inset, the energy spectrum obtained by selecting surface events is shown. The expected 
structure of the ? source spectrum emerges clearly, proving that the selection of the surface events 
is effective. 



be achieved also by rise time selection. In Fig. 4 (a) the rise time distribution is shown for pulses 
from the layer thermistor. The fast surface events are cleanly separated by the slow bulk events. A 
selection of the "fast" events identifies clearly the surface event band, as shown in Fig. 4 (b). 

This experiment demonstrates the power of the technique we have developed to identify a 
superficial impact point in low temperature calorimeters. In the future, a full coverage device will 
be realized. The thermistors on the six layers will be acquired in parallel to avoid proliferation of 
read-out channels. The rise time analysis shows that the scatter plot is redundant to select surface 
events. It might be convenient then to get rid also of the main absorber thermistor, reducing the 
read-out channel to one as in the conventional case. On the other hand, a detailed analysis will be 
performed to check if pulse shape discrimination can allow to identify surface events using signals 
only from the main absorber thermistor. In this case, the Ge or Si layers would operate as signal- 
shape modifiers and would not require additional thermistors, leading to a substantial simplification 
of the device. 

Thanks are due to Oliviero Cremonesi, who developed the programs used for the pulse analysis, 
to Gianluigi Pessina, who realized the front end electronics, and to Jeff Beeman, who provided us 
with the NTD thermistors and the Ge layers. The results exposed in this letter are part of a research 
program funded by the European Commission in the VI Framework Programme, under contract 
number 50622/RII3-CT-2003-505818, devoted to astroparticle physics and including a specific 
activity on double beta decay. 
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Figure 4: (a) Rise time distribution for the pulses developed across the active layer thermistor 
in detector B. (b) A detail of the scatter plot reported in Fig. 3 where fast active-layer pulses (left 
Gaussian in (a)) are reported in blue, while slow active-layer pulses (right Gaussian in (a)) in green. 
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